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MODULAR ELECTRICAL CONNECTOR 



Field of the Invention 

[0001] The present invention relates to electrical connectors. More specifically, the 
invention relates to a modular electrical connector having features that make the electrical 
connector tolerant to misalignment between a plug and a receptacle thereof. 

Background of the Invention 

[0002] Modular electrical connectors are often used to establish electrical contact 
between electrical as components such as backplanes, motherboards, daughter cards, etc. 
Modular electrical connectors used in applications of this type often comprise a plug, and a 
receptacle for mating with the plug. The plug and the receptacle may each comprise a 
plurality of printed circuit boards (PCBs) having conductive traces formed thereon. The 
PCBs are usually positioned in a side by side arrangement within a housing that supports and 
constrains the PCBs. 

[0003] The conductive traces can extend between a forward edge and a lower edge 
of each PCB (this type of configuration produces a so-called "right-angle" plug or receptacle 
adapted for mounting on a surface that is substantially perpendicular to the mating plane of 
the plug or receptacle). A first plurality of contact pins may be coupled to each PCB 
proximate the lower edge thereof. The contact pins securely engage through holes formed in 
anther electrical, e.g., a daughter card. The contact pins thereby facilitate mounting of the 
plug or receptacle on the daughter card, and establish electrical contact between the plug or 
receptacle and the daughter card. 

[0004] A second plurality of contact pins (hereinafter referred to as "mating pins") 
may be coupled to each PCB in the plug, proximate the forward edge thereof. Receptacle- 
type contacts such as contact beams may be coupled to each PCB in the receptacle, proximate 
the forward edge thereof. The plug and receptacle mate in a manner that causes each the 
mating pins to engage a respective one of the mating pins, thereby establishing electrical 
contact between the plug and the receptacle. The plug and receptacle can be configured to 
mate when the daughter cards are positioned in substantially the same orientation, i.e., when 
the major planes of the daughter cards are substantially parallel. Alternatively, the plug and 
receptacle can be configured to mate when the respective major planes of the daughter cards 
are substantially perpendicular. 
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[0005] The ability of the plug and receptacle to mate in a satisfactory manner 
generally requires precise alignment between plug and receptacle and, more particularly, 
between each of the mating pins and the corresponding contact beam. Misalignment between 
the plug and receptacle as the plug and receptacle are mated can result in unacceptably high 
insertion forces. Moreover, misalignment occurring after the plug and receptacle have been 
mated can cause one or more of the mating pins to lose contact with the corresponding contact 
beam and, in extreme cases, can result in damage to the mating pins or the contact beams. 

[0006] (Misalignment between the plug and receptacle is often caused by 
misalignment between the daughter cards (or other electrical component), upon which the 
plug and receptacle are mounted. Misalignment between the daughter cards of one or more 
electrical devices can be caused, for example, by manufacturing and assembly tolerances, 
thermal expansion, physical shock and vibration, relative movement between the electrical 
devices, etc.) 

[0007] Furthermore, the ability of modular electrical connectors to tolerate 
misalignment between the plug and receptacle thereof is decreasing, in general, due to 
ongoing demands for smaller overall connector dimensions, higher signal speeds, lower cross 
talk, greater numbers of modules per board, larger boards, etc. in electrical connectors. 

[0008] Consequently, a need exists for a modular electrical connector able to tolerate 
misalignment between a plug and a receptacle thereof. 

Summary of the Invention 

[0009] A preferred embodiment of a modular electrical connector comprises a plug 
comprising a printed circuit board, a contact finger positioned on a portion of the printed 
circuit board, and a housing for supporting and constraining the printed circuit board so that 
the portion of the printed circuit board extends from the housing. The printed circuit board 
has a flexible portion that permits the portion of the printed circuit board to translate in 
relation to the housing. 

[0010] The modular electrical connector also comprises a receptacle for mating with 
the plug and comprising a first contact for electrically contacting the contact finger when the 
plug and the receptacle are mated, and a housing having a slot formed therein for receiving the 
portion of the printed circuit board when the plug and the receptacle are mated. 

[001 1] Another preferred embodiment of a modular electrical connector comprises a 

plug comprising a first housing, a first printed circuit board at least partially mounted in the 

first housing so that a portion of the first printed circuit board extends from the first housing in 

a first direction and can flex in relation to the first housing in a second direction substantially 
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perpendicular to the first direction, and a contact finger mounted on the portion of the first 
printed circuit board. 

[0012] The modular electrical connector further comprises a receptacle for mating 
with the plug and comprising a second printed circuit board, a contact mounted on the second 
printed circuit board for electrically contacting the contact finger when the plug and the 
receptacle are mated, and a second housing for substantially enclosing the contact. The 
second housing has a slot formed therein for receiving the portion of the printed circuit board 
and extending in a third direction substantially perpendicular to the first and second directions 
when the plug and the receptacle are mated. 

[0013] Another preferred embodiment of a modular electrical connector comprises a 
plug comprising a housing and a printed circuit board mounted in the housing so that an end 
portion of the printed circuit board overhangs an edge of the housing the printed circuit board 
having a flexible portion formed therein that permits the end portion of the circuit board to 
deflect in relation to the housing. 

[0014] The modular electrical connector also comprises a receptacle for mating with 
the plug and comprising a housing having a slot formed therein for receiving the end portion 
so that misalignment between plug and the receptacle causes the end portion to flex in 
response to contact between the end portion and the housing of the receptacle. 

Brief Description of the Drawings 

[0015] The foregoing summary, as well as the following detailed description of a 
preferred embodiment, is better understood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invention, the drawings show an embodiment 
that is presently preferred. The invention is not limited, however, to the specific 
instrumentalities disclosed in the drawings. In the drawings: 

[0016] Fig. 1 is a top perspective view of a preferred embodiment of a 

modular electrical connector with a plug and a receptacle of the modular electrical 

connector in an unmated condition and mounted respectively on a first and a second 

daughter card; 

[0017] Fig. 2 is a top perspective view of the plug and the first daughter card 
shown in Fig. 1 ; 

[0018] Fig. 3 is a top perspective view of the receptacle and the second 
daughter card shown in Fig. 1 ; 
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[0019] Fig. 4 is a magnified, diagrammatic view of the area designated "A" 
in Fig. 2, showing a printed circuit board of the plug shown in Fig. 1 and 2; 

[0020] Fig. 4A is a diagrammatic view of an alternative embodiment of the 
printed circuit board shown in Fig. 4; 

[0021] Fig. 5 is a side perspective view of the plug shown in Figs. 1 , 2, and 4, 
with an outer cover thereof removed, and the first daughter card shown in Figs. 1 and 
2; 

[0022] Fig. 6A is a magnified view of the area designated "B" in Fig. 5, 
showing a portion of a circuit board of the plug shown in Figs. 1, 2, and 4; 

[0023] Fig. 6B is a side view the printed circuit board shown in Fig. 6A; 

[0024] Fig. 6C is a side view of the printed circuit board shown in Figs. 6 A 
and 6B, from a perspective rotated 180 degrees from that of Fig. 6B; 

[0025] Fig. 6D is a top view of the printed circuit board shown in Figs. 6A- 

6C; 

[0026] Fig. 7 is a top perspective view of the receptacle shown in Figs. 1 and 
3 with a front and rear cover of the receptacle removed and showing printed circuit 
boards, ground combs, and signal contacts of the receptacle; 

[0027] Fig. 8 A is a top perspective view of one of the printed circuit boards, 
one of the ground combs, and one of the signal contacts shown in Fig. 7; 

[0028] Fig. 8B is a side view the printed circuit board shown in Fig. 8A; 

[0029] Fig. 8C is a side view of the printed circuit board shown in Figs. 8A 
and 8B, from a perspective rotated 180 degrees from that of Fig. 8B; 

[0030] Fig. 9 is a magnified view of the area designated "C" in Fig. 8; 

[0031] Fig. 10 is a top perspective view of the printed circuit board and a 
plurality of tuning-fork-type contacts of the plug shown in Figs. 1, 2, 4, and 5 and the 
first daughter card shown in Figs. 1, 2, and 5; 

[0032] Fig. 1 1 is a side view of the modular electrical connector shown in 
Fig. 1, showing the plug and the receptacle in a mated condition, and showing the plug 
with an outer cover of the plug removed; 

[0033] Fig. 12 is a top view of the printed circuit board shown in Figs. 7 and 
8, with a raised ground plate disposed on the printed circuit board; 

[0034] Fig. 13 is a top view of an alternative embodiment of the printed 
circuit board shown in Figs. 6A-6D; 
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[0035] Fig. 14 is a top view of another alternative embodiment of the printed 
circuit board shown in Figs. 6A-6D; 

[0036] Fig. 15 is a top view of another alternative embodiment of the printed 
circuit board shown in Figs. 6A-6D; 

[0037] Fig. 16 is a side view of the modular electrical connector shown in 
Fig. 1 and comprising another alternative embodiment of the printed circuit board 
shown in Figs. 6A-6D, and showing the plug with an outer cover of the plug removed; 

[0038] Fig. 17 is a top perspective view of an alternative embodiment of the 
modular electrical connector shown in Figure 1, with a plug and a receptacle of the 
alternative embodiment in a mated condition and mounted respectively on the first and 
second daughter cards; 

[0039] Fig. 18 is a top perspective view of the receptacle and the second 
daughter card shown in Fig. 17; 

[0040] Fig. 19 is a top perspective view of the receptacle shown in Figs. 17 
and 18 with a front and rear cover of the receptacle removed and showing printed 
circuit boards, ground combs, and signal contacts of the receptacle; 

[0041] Fig. 20 is a top perspective view of one of the printed circuit boards, 
one of the ground combs, and one of the signal contacts shown in Fig. 19; 

[0042] Fig. 21 is a top perspective view of the ground comb and signal 
contact shown in Fig. 20; 

[0043] Fig. 22 A is a side view of a portion of the plug and daughter card 
shown in Figs. 1, 2, 4, and 5, wherein the plug is equipped with an optional plate for 
interconnecting the printed circuit board thereof; 

[0044] Fig. 22B is a front view of the plug shown in Figs. 1, 2, 4, 5, and 22A, 
equipped with the plate shown in Fig. 22A; 

[0045] Fig. 23 is a diagrammatic side view of another alternative 
embodiment of the printed circuit board shown in Figs. 6A-6D; 

[0046] Fig. 24A is a diagrammatic side view of a portion of another 
alternative embodiment of the printed circuit board shown in Figs. 6A-6D; 

[0047] Fig. 24B is a magnified cross-sectional view of the area designated 
"D" in Fig. 23 A; and 

[0048] Fig. 25A is a diagrammatic side view of a portion of another 
alternative embodiment of the printed circuit board shown in Figs. 6A-6D; 
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[0049] Fig. 25B is a front view of two of the PCBs shown in Fig. 25A, in an 
un-mated condition; 

[0050] Fig. 26A is a diagrammatic side view of a portion of another 
alternative embodiment of the printed circuit board shown in Figs. 6A-6D; and 

[0051] Fig. 26B is a front view of two of the PCBs shown in Fig. 25A, in an 
un-mated condition. 

Description of Preferred Embodiments 

[0052] A preferred embodiment of an electrical connector 10 is depicted in Figures 
1-11. The figures are referenced to a common coordinate system 1 1 depicted therein. The 
electrical connector 10 comprises a plug 12 and a receptacle 14. The plug 12 can be mounted 
on a first daughter card 16. The receptacle 14 can be mounted on a second daughter card 18 
(see Figures 1, 3, 5 3 and 11). The receptacle 14 can electrically couple the first and second 
daughter cards 16, 18. The plug 12 and the receptacle 14 can mate when the respective major 
planes of the first and second daughter cards 16, 18 are substantially perpendicular. 

[0053] It should be noted that the use of the daughter cards 16, 1 8 is disclosed for 
illustrative purposes only. The plug 12 and the receptacle 14 can be mounted on other types 
of electrical components such as backplanes, motherboards, etc. 

[0054] The plug 12 comprises a plurality of printed circuit boards ("PCBs") 20 and a 
housing 22 (see, e.g., Figures 2, 5, 7, and 8). The PCBs 20 are preferably formed by etching 
laminate panels to form copper conductors, and then cutting the PCBs 20 from the panels. 
The PCBs 20 are arranged side by side within the housing 22. Each PCB 20 can optionally be 
equipped with a rib 20a extending from an upper edge 20b thereof (see Figure 4). The 
housing 22 can optionally be equipped with a plurality of slots 24 formed in an upper inner 
surface 22a thereof. The housing 22 securely receives the ribs 20a by way of the slots 24, 
thereby securing the PCBs 20 within the housing 22. 

[0055] (Figure 4 A depicts an alternative embodiment of the PCB 20 in the form of a 
PCB 200. The PCB 200 does not include the rib 20a. The PCB 200 is otherwise substantially 
identical to the PCB 20.) 

[0056] The housing 22 has an upper lip 22b and a lower lip 22c that each extend 
from a forward edge 22d thereof (see Figures 1 and 2). The upper lip 22b and the lower lip 
22c each preferably have a slot 23 formed therein. The housing 22 can be equipped with an 
optional outer cover 25. The significance of these features is explained below. 
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[0057] A forward edge 20d of each PCB 20 extends forward from the housing 22 
when the PCBs are installed in the housing 22. Hence, the forward-most portion of each PCB 
20 is freestanding, i.e., is not directly restrained by the housing 22. Moreover, each PCB 20 
has a flexible region 20i (see Figure 6D). The flexible region 20i is preferably located 
proximate the forward edge 22d of the housing 22 when the PCBs 20 are installed in the 
housing 22. The length ("x"-axis dimension) of the flexible region 20i can be, for example, 
approximately 6.0 mm, and the flexible region can flex laterally by, for example, 
approximately 0.5 mm. The flexible region 20i can be formed as a relatively thin region of 
the PCB 20, as shown in Figure 6D. 

[0058] It should be noted that directional terms such as "upper," "lower," "vertical," 
"horizontal," etc. are used with reference to the component orientations depicted in Figure 1. 
These terms are used for illustrative purposes only, and are not intended to limit the scope of 
the appended claims. 

[0059] Each PCB 20 has a plurality of conductive signal traces 28 formed on a first 
side surface 20e thereof (see Figures 5, 6A, and 6B), and a ground plane 30 formed on a 
second side surface 20f thereof (see Figure 6C). The signal traces 28 each extend between a 
lower edge 20c and the forward edge 20d of the corresponding PCB 20. (A ground plane (not 
shown) can also be formed on the first side surface 20e, away from the signal traces 28.) 

[0060] Each of signal traces 28 is electrically coupled to a corresponding set of 
signal pads 40. One of the signal pads 40 in each set is located on the first side surface 20e of 
the PCB 20, and the other of the signal pads 40 in each set is located on the second side 
surface 20f The signals pads 40 in each set are electrically coupled by way of a via. The 
signals pads 40 are each located proximate the lower edge 20c of the PCB 20. 

[0061] The ground plane 30 is electrically coupled to ground pads 42 located on the 
first and second side surfaces 20e, 20f of the PCB 20, proximate the lower edge 20c. Each 
ground pad 42 located on the first side surface 20e is electrically coupled to a corresponding 
ground pad 42 located on the second side surface 20f by way of a via. 

[0062] A plurality of contact fingers 32 are mounted on each PCB 20 (see Figures 5, 
6A, and 6B ). The contact fingers 32 are mounted on the first side surface 20e of each PCB 
20, proximate the forward edge 20d. The contact fingers 32 each comprise a substantially U- 
shaped staple 34 (only one of the staples 34 is depicted in Figure 6, for clarity). Each staple 
34 includes a first and a second leg 34a, 34b, and an elongated portion 34c that adjoins the 
first and second legs 34a, 34b. The first and second legs 34a, 34b are electrically and 
mechanically coupled to a respective signal trace 28 by, for example, soldering. The 
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elongated portion 34c of each staple 34 extends in a direction substantially perpendicular to 
the forward edge 20 when the staple 34 is mounted on the corresponding PCB 20. 

[0063] The ground plane 30 on each PCB 20 terminates in a contact region 44 
formed thereon (see Figure 6C). The contact region 44 is located on the second side surface 
20f, proximate the forward edge 20d. The contact region 44 is preferably formed by gold 
plating on the copper ground plane. A ground plate 44a can be used in lieu of the solid-plated 
contact region 44 in alternative embodiments (see Figure 12). The ground plate 44a can be 
raised from the second side surface 20f to provide the contact fingers 32 with the proper 
impedance, as shown in Figure 12. (It should be noted that the aspect ratio of the PCB 20 is 
not drawn to scale in Figure 13. In particular, the thickness ("y"-axis dimension) of the PCB 
20 is exaggerated in relation to the length ("x"-axis dimension) Figure 12.) 

[0064] The plug 12 further comprises a plurality of contacts 46 (see Figure 10). The 
contacts 46 electrically and mechanically couple the PCBs 20 to the daughter card 16. The 
contacts 46 are preferably tuning-fork-type contacts (although other types of contacts can be 
used in the alternative). Each contact 46 preferably comprises a first arm 46a, a second arm 
46b spaced apart from the first arm 46a, and a pin 46c that adjoins the first and second arms 
46a, 46b. 

[0065] The contacts 46 can engage the PCBs 20 proximate the lower edges 20c 
thereof. More particularly, the arms 46a, 46b of each contact 46 are spaced apart so that 
insertion of a lower edge 20c of a PCB 20 between the arms 46a, 46b causes the arms 46a, 
46b to resiliently spread apart. Continued insertion of the lower edge 20c into the space 
between the arms 46a, 46b, in combination with the resilience of the arms 46a, 46b, causes the 
arms 46a, 46b to securely engage the respective first and second side surfaces 20e, 20f of the 
PCB 20. 

[00661 The pins 46c of each contact 46 securely engage through holes 48 in the 
daughter card 16 by way of a press fit, thereby securing the PCB 20 the daughter card 16 and 
establishing electrical contact between the PCB 20 the daughter card 16. 

[0067] The plug 12 has a two-to-one ratio of signal contacts to ground contacts at the 
interface between the plug 12 and the daughter card 16 as shown, for example, in Figure 10). 
(The plug 12 can accommodate a one-to-one ratio of signal contacts to ground contacts at the 
interface between the plug 12 and the receptacle 14.) 

[0068] The receptacle 14 comprises plurality of printed circuit boards ("PCBs") 50, 
a rear housing 52, and a front housing 54 (see Figures 3, 7, and 8A-8C). The PCBs 50 are 
preferably formed by etching laminate panels to form copper conductors, and then cutting the 
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PCBs 50 from the panels. The PCBs 50 are arranged side by side within the housing 22. 
Each PCB 50 can optionally have a rib 50a extending from an upper edge 50b thereof (the rib 
50a is shown only in Figure 8A). The rear housing 52 can optionally have a plurality of slots 
formed in an upper inner surface thereof The slots securely receive the ribs 50a, thereby 
securing the PCBs 50 within the rear housing 52. (These slots are substantially identical to 
the slots 24 formed in the housing 22, and therefore are not depicted in the figures). 

[0069] Details relating to the front housing 54 are presented below. 

[0070] Each PCB 50 has a plurality of conductive signal traces 58 formed on a first 
side surface 50e thereof (see Figure 8B; the signal traces are not shown in Figure 8 A, for 
clarity. Each PCB 50 also includes a ground plane 60 formed on a second side surface 50f 
thereof (see Figure 8C). The signal traces 58 each extend between a lower edge 50c and a 
forward edge 50d of the corresponding PCB 50. (A ground plane (not shown) can also be 
formed on the first side surface 50e, away from the signal traces 58.) 

[0071] Each of the signal traces 58 is electrically coupled to a corresponding set of 
first signal pads 62. One of the first signal pads 62 in each set is located on the first side 
surface 50e of the PCB 50, and the other of the first signal pads 62 in each set is located on 
the second side surface 5 Of. The first signals pads 62 in each set are electrically coupled by 
way of a via. The first signals pads 62 are each located proximate the lower edge 50c of the 
PCB 50. 

[0072] Each of the signal traces 58 is also electrically coupled to a corresponding set 
of second signal pads 63. One of the second signal pads 63 in each set is located on the first 
side surface 50e of the PCB 50, and the other of the second signal pads 63 in each set is 
located on the second side surface 5 Of. The second signals pads 63 in each set are electrically 
coupled by way of a via. The second signals pads 64 are each located proximate the forward 
edge 50d of the PCB 50. 

[0073] The ground plane 60 is electrically coupled to first ground pads 64 located on 
the first and second side surfaces 50e, 50f, proximate the lower edge 50c. Each first ground 
pad 64 located on the first side surface 50e is electrically coupled to a corresponding first 
ground pad 64 located on the second side surface 50f by way of a via. 

[0074] The ground plane 60 is also electrically coupled to second ground pads 65 
located on the first and second side surfaces 50e, 50f, proximate the forward edge 50d. Each 
second ground pad 65 located on the first side surface 50e is electrically coupled to a 
corresponding second ground pad 65 located on the second side surface 50f by way of a via. 
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[0075] A plurality of signal contacts 66 are mounted on each PCB 50, proximate the 
forward edge 50d (see Figures 7, 8A, and 9). Each signal contact 66 has an end portion 66a 
comprising an arm 66b and an angled portion 66c. The arm 66b is unitarily formed with the 
angled portion 66c, and is spaced apart from the angled portion 66c. 

[0076] The arm 66b and the angled portion 66c are engage a corresponding PCB 50 
proximate the forward edge 50d thereof. More particularly, the arm 66b and the angled 
portion 66c of each signal contact 66 are spaced apart so that insertion of the forward edge 
50d between the arm 66b and the angled portion 66c causes the arm 66b to resiliently flex 
away from the angled portion 66c. Continued insertion of the forward edge 50d into the space 
between the arm 66b and the angled portion 66c, in combination with the resilience of the arm 
66b, causes the arm 66b and the angled portion 66c to securely engage the respective sides 
50e, 50f of the PCB 50. In other words, the end portion 66a of each signal contact 66 acts 
substantially as a tuning-fork-type contact. 

[0077] The angled portion 66a and the arm 66b of each signal contact 66 contact a 
respective pair of the second signal pads 63 on the first and second side surfaces 50e, 50f, 
thereby establishing electrical contact between the signal contact 66 and the corresponding 
signal trace 58. 

[0078] Each signal contact 66 also comprises an elongated beam portion 66d 
unitarily formed with and extending from the angled portion 66c. Each signal contact 66 
further comprises a substantially rounded contact portion 66e unitarily formed with the beam 
portion 66d, and positioned at an end of the beam portion 66d opposite the angled portion 66c. 
The optimal width ("z"-axis dimension) of the contact portion 66e is substantially 
independent of the optimal width ("z"-axis dimension) of the beam portion 66d. In particular, 
the width of the contact portion 66e is selected based on the desired spring rate of the contact 
portion 66e. The width of the contact portion 66e is selected based on the desired amount of 
float of the between the plug 12 an the receptacle 14. 

[0079] The receptacle 14 further comprises a plurality of ground combs 68 (see 
Figures 7, 8A, and 9. Each ground comb 68 comprises a mounting portion 70 and a plurality 
of ground contacts 72 unitarily formed with the mounting portion 70. Each ground contact 72 
comprises a beam portion 72a that adjoins and extends from the mounting portion 70. Each 
ground contact 72 further comprises a contact portion 72b unitarily formed with the beam 
portion 72a, and positioned at an end of the beam portion 72a opposite the mounting portion 
70. 
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[0080] A plurality of slots 74 are formed in the mounting portion 70, and extend 
inwardly from a rearward edge thereof. The mounting portion 70 securely engages the PCBs 
50 by way of the slots 74. More particularly, each slot 74 has a width (y-axis dimension) 
approximately equal to or slightly smaller than a width of the PCB 50. The slots 74 each 
receive the forward edge 50d of each PCB 50. Continued insertion of the forward edge 50d 
into the slot 74, in conjunction with the resulting interference between the PCB 50 and the 
edges of the slot 74, cause the PCB 50 to securely engage the mounting portion 70. The 
mounting portion 70 is thus mounted in a substantially perpendicular orientation with respect 
to the PCBs 50, as shown in Figures 7, 8A, and 9. 

[0081] The mounting portion 70 of each ground comb 68 contacts a corresponding 
pair of the second ground pads 65 on each PCB 50. More particularly, a first edge of each slot 
74 contacts one of the ground pads 65 on the first side surface 50e of the PCB 50, and a 
second edge of the slot contacts one of the second ground pads 65 on the second side surface 
50f. This contact establishes electrical contact between the corresponding ground plane 60 
and the mounting portion 70 (as well as the ground contacts 72). The respective locations of 
the second ground pads 65 and the first signal pads 62 on each PCB 50 are staggered so that 
the mounting portion 70 contacts only the ground pads 65, and the signal contacts 66 contact 
only the signal pads 62. 

[0082] Each ground comb 68 is positioned directly above a corresponding row of 
signal contacts 66 (see Figure 7). The angled portion 66d of each signal contact 66 positions 
the contact portion 66e thereof proximate the contact portion 72b of the adjacent ground 
contact 72. In other words, the angled portion 66d causes the contact portion 66e to 
substantially face the contact portion 72b of the ground contact 72 that occupies the position 
directly above that particular signal contact 66 (see Figure 9). The contact portion 66e is 
spaced apart from the corresponding contact portion 72b with respect to the lateral ("y") 
direction. (Thus, the ratio of signal contacts 66 to ground contacts 72 is 1:1, thereby 
facilitating low cross talk in the mating region of the plug 12 and the receptacle 14.) 

[0083] Figure 7 depicts the receptacle 14 without the front and rear housings 54, 52 
installed, and thus shows the full array of signal contacts 66 and ground contacts 72 mated 
with the respective PCBs 50. 

[0084] The front housing 54 substantially covers the signal contacts 66 and the 
ground contacts 72. The front housing 54 has a plurality of slots 76 formed therein (see 
Figure 3). The slots 76 extend vertically, in the "z" direction, i.e., in a direction substantially 
perpendicular to the major plane of the second daughter card 18 and substantially parallel to 



11 



FCI-2656/C3138 PATENT 

the PCBs 50. The slots 76 facilitate access to the signal contacts 66 and the ground contacts 
72, and receive the forward-most (freestanding) portion of each PCB 20, as explained below. 
The front housing 54 is secured to the rear housing 52 by an interference fit between the front 
housing 54, the rear housing 52, and the signal and ground contacts 66, 72. The front housing 
54 preferably has a first and a second key 78 formed respectively on a top and bottom surface 
thereof. The purpose of this feature is explained below. 

[0085] The receptacle 14 further comprises a plurality of contacts 80 (see Figure 
8A). The contacts 80 electrically and mechanically couple the PCBs 50 to the daughter card 
18. The contacts 80 are substantially similar to the above-described contacts 46, i.e., the 
contacts 80 are preferably tuning-fork-type contacts (although other types of contacts can be 
used in the alternative). Each contact 80 preferably comprises a first arm 80a, a second arm 
80b spaced apart from the first arm 80a, and a pin 80c that adjoins the first and second arms 
80a, 80b. 

[0086] The contacts 80 each engage a corresponding one of the PCBs 50 proximate 
the lower edge 50c. More particularly, the arms 80a, 80b of each contact 80 are spaced apart 
so that insertion of the lower edge 50c between the arms 80a, 80b causes the arms 80a, 80b to 
resiliently spread apart. Continued insertion of the lower edge 80c into the space between the 
arms 80a, 80b, combined with the resilience of the arms 80a, 80b, causes the arms 80a, 80b to 
securely engage respective sides 50e, 50f of the PCB 50. 

[0087] Each of the contacts 80 contacts a corresponding pair of the first signal pads 
62, or a corresponding pair of the first ground pads 64. Hence, each contact 80 acts as either a 
signal contact or a ground contact. The pins 80c of each contact 80 securely engage through 
holes 82 in the daughter card 1 8 by way of a press fit, thereby securing the PCB 50 the 
daughter card 18 and establishing electrical contact between the PCB 50 the daughter card 18. 

[0088] The receptacle 14 has a two-to-one ratio of signal contacts to ground contacts 
at the interface between the receptacle 14 and the daughter card 18. 

[0089] The receptacle 14 mates with the plug 12 to establish electrical contact 
between the daughter cards 16, 18. Mating of the plug 12 and the receptacle 14 is 
accomplished by substantially aligning each of the keys 78 on the front housing 54 of the 
receptacle 14 with a corresponding one of the slots 23 formed in the upper and lower lips 22b, 
22c of the housing 22 of the plug 12 (see Figure 1). Subsequent movement of the plug 12 
toward the receptacle 14 causes the keys 78 to become disposed in the slots 23. 



12 



FCI-2656/C3138 PATENT 

[0090] Movement of the plug 12 toward the receptacle 14 also causes the forward 
edge 20d of each PCB 20 in the plug 12 to become disposed in a corresponding slot 76 of the 
front housing 54. 

[0091] It should be noted that mating the plug 12 and the receptacle 14 by moving 
the plug 12 toward the receptacle 14 is specified for illustrative purposes only. The plug 12 
and the receptacle 14 can also be mated by moving the receptacle 14 toward the plug 12. 
Also, the use of the keys 78 and the slots 23 is optional, i.e., the electrical connector 10 can be 
configured without the keys 78 and the slots 23. 

[0092] The engagement of the keys 78 and the edges of the slots 23 guides the plug 
12 in relation to the receptacle 14. Continued movement of the plug 12 toward the receptacle 
14 eventually causes the ground and signal contacts 66, 72 of the receptacle 14 to come into 
contact with the forward edge 20d of a corresponding one of the PCBs 20. Further movement 
of the plug 12 in the direction of insertion causes each signal contact 66 to contact one of the 
contact fingers 32 on the PCBs 20. More specifically, the end portion 66c of each signal 
contact 66 slidably engages the elongated portion 34c of a corresponding one of the staples 
34. Furthermore, each ground contact 72 contacts the contact region 44 on a corresponding 
PCB 20. The noted contact between the contact fingers 32 and the signal contacts 66, and 
between the ground contacts 72 and the contact regions 44 establishes electrical contact 
between the daughter cards 16, 18. 

[0093] A substantial entirety of the forward-most (freestanding) portion of each PCB 
20 is disposed within a corresponding slot 76 when the plug 12 and the receptacle 14 have 
been fully mated. The significance of this feature is discussed below. 

[0094] The upper lip 22b and the lower lip 22c of the housing 22 are positioned 
above and below the front housing 54, respectively, when the plug 12 and the receptacle 14 
are mated, as depicted in Figure 11. A clearance of approximately 0.5 mm exists between the 
upper lip 22b and the top of the front housing 54. A clearance of approximately 0.5 mm also 
exists between the lower lip 22c and the bottom of the front housing 54 when the plug 12 and 
the receptacle 14 are substantially aligned. The significance of this feature is explained 
below. (It should be noted that the optimal values for the noted clearances will vary by 
application, and specific values are provided for exemplary purposes only.) 

[0095] The plug 12 is capable of a predetermined amount of movement, or "float," 
in relation to the receptacle 14 after the plug 12 and the receptacle 14 are mated. The feature 
allows the electrical connector 10 to tolerate a certain amount of misalignment between the 
daughter cards 16, 18, as explained below. 
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[0096 J Float between the plug 12 and the receptacle 14 in the lateral ("y") direction 
is achieved by virtue of the flexibility of the PCBs 20. More particularly, the flexible region 
20i of each of the PCBs 20 can deflect in response to lateral misalignment between the plug 
12 and the receptacle 14. In other words, the flexibility of the flexible region 20i permits the 
freestanding portion of each PCB 20, i.e., the portion of the PCB 20 positioned within the 
corresponding slot 76 in the front housing 54, to deflect laterally when urged in that direction 
by the front housing 54. This feature permits the contact fingers 36 and the contact regions 44 
on the PCBs 20 to establish contact, and to remain in contact with the corresponding signal 
contacts 66 and ground contacts 72 on the PCBs 50 when the plug 12 and the receptacle 14 
are misaligned. 

[0097] The PCBs 20 of alternative embodiments may be configured so that the 
forward-most portion thereof is thinner than a remainder of the PCB 20, thereby providing the 
forward-most portion with greater flexibility and enhancing the ability of the forward-most 
portion to flex in response to misalignment between the plug 12 and the receptacle 14. The 
forward-most portion of each PCB 20 can also be contoured, e.g., wave-shaped, to achieve 
this effect (see the alternative embodiment of the PCB 20 designated 20i in Figure 13). 
Moreover, coplanar striplines can be substituted for the portions of the signal traces and 
ground planes 60 on the forward-most portion of each PCB 20 to reduce the potential for 
fatigue-induced failures in the signal and ground traces 58, 60 caused by repeated flexing. (It 
should be noted that the aspect ratio of the PCB 20i is not drawn to scale in Figure 13. In 
particular, the thickness ("y"-axis dimension) of the PCB 20i is exaggerated in relation to the 
length ("x"-axis dimension) in Figure 13.) 

[0098] Float between the plug 12 and the receptacle 14 in the vertical ("z") direction 
is achieved as follows. A clearance of approximately 0.5 mm exists between the upper lip 
22b of the housing 22 and the top of the front housing 54, and between the lower lip 22c of 
the housing 22 and the bottom of the front housing 54 when the plug 12 and the receptacle 14 
are substantially aligned, as noted above (see Figure 1 1). This clearance permits the housing 
22 and the front housing 22 to properly mate when misaligned by as much as approximately 
0.5 mm. (The optimal values for the noted clearances, as stated above, will vary by 
application, and specific values are provided for exemplary purposes only.) 

[0099] Moreover, each signal contact 66 of the receptacle 14 has a relatively wide 
end portion 66e (with respect to the vertical, or "y" direction), as previously noted. This 
feature permits the signal contact 66 to move vertically in relation to the corresponding 
contact finger 32 of the plug 12, within a predetermined range, without losing contact with the 
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contact finger 32. In effect, the width of the end portion 66e provides the signal contact 66 
with wipe in the vertical direction, thereby allowing the end portion 66e to establish contact, 
or to remain in contact with the contact finger 32 when the plug 12 and the receptacle 14 are 
misaligned. Moreover, the use of the relatively wide end portion 66e, in conjunction with the 
relatively narrow elongated portion 66d, gives the signal contact 66 sufficient width to remain 
in contact with the contact finger 32 while keeping the impedance of the signal contact 66 
from becoming excessive. 

[0100] Hence, Applicants have provided the plug 12 and the receptacle 14 with 
tolerance to a predetermined range of vertical misalignment by providing clearance between 
the housing 22 and the forward housing 54, and by configuring the signal contacts 66 in a 
manner that causes the signal contacts 66 to remain in contact with the corresponding contact 
fingers 32 when such misalignment is present. 

[0101] It is to be understood that even though numerous characteristics and 
advantages of the present invention have been set forth in the foregoing description, the 
disclosure is illustrative only and changes can be made in detail within the principles of the 
invention to the full extent indicated by the broad general meaning of the terms in which the 
appended claims are expressed. 

[0102] For example, the PCBs 20, 50 can be formed in shapes other than the 
rectangular shapes disclosed herein. Moreover, the corners of the PCBs 20, 50 that do not 
accommodate the signal traces 28, 58 and ground planes 60 can be rounded or clipped to 
reduce the amount of material needed to manufacture the PCBs 20, 50. 

[0103] Moreover, the contacts 46, 80 can be slidably coupled to the respective PCBs 
20, 50 in alternative embodiments. This arrangement can facilitate movement of the contacts 
46, 80 (and the plug 12 and receptacle 14) in relation to the respective first and second 
daughter cards 16, 18. The sliding connections can be achieved by coating the contacting 
portions of the PCBs 20, 80 and the respective contacts 46, 50 with gold (rather than tin-lead), 
and by relaxing the normal (clamping) force between the PCBs 20, 50 and the respective 
contacts 46, 80 from approximately 2-3 N to approximately 0.5 N. 

[0104] Furthermore, the contact fingers 32 on the PCBs 20 can be formed without 
the staples 34. The use of the staples 34 is preferred because the geometric configuration of 
the staples 34 permits the use of a relatively thin PCB 20, while maintaining sufficient 
impedance in the contact finger 32. The contact fingers 32 can be formed, in the alternative, 
from a round wire or a stamped conductor that is surface soldered and crimped to the 
corresponding PCB 20. 
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[0105] An alternative type of contact finger can also be formed using thick-film 
techniques. More particularly, dielectric material can be screened through a graduated mask 
to build up a rounded contact region, which is then metalized. Another alternative type of 
contact finger can be formed by molding a raised area into the PCB 20 when the PCB 20 is 
formed, and then metalizing the raise area. 

[0106J Figure 14 depicts an alternative contact finger 32a. The contact finger 32a is 
relatively long, to achieve the desired wipe and sequencing, and relatively wide, to facilitate 
float in the vertical direction. The impedance of the contact finger 32a can be made 
sufficiently high by thickening an alternative embodiment of the PCB 20 (designated the 20g 
in Figure 143) in the region directly below the contact finger 32a. The PCB 20 can be 
thickened using multi-layer-broad laminations, wherein cutouts are formed in the outer layers 
in the flexible region 20i to provide the requisite flexibility. Alternatively, the required 
impedance can be achieved by using a ground plate in lieu of the plated contact region 44, and 
separating from the contact fingers 32 by a sufficient distance to achieve the required 
impedance. The ground plane can be a shallow can supported on two or four of its sides, or a 
rolled piece that is surface soldered to the first side surface 20e of the corresponding PCB 20. 

[0107] Moreover, an alternative embodiment of the PCB 20 (designated 20h in 
Figure 15) can be made relatively thin in its forward-most portion, i.e., in the portion of the 
PCB 20h in which flexing is required. Each PCB 20h can also be made relatively thin in areas 
over which the signal and ground traces 28, 30 and the contact fingers 32 are positioned (to 
maintain the proper impedance therein). The remainder of each PCB 20 can thus be made 
relatively thick. Increasing the thickness of a molded printed circuit board, in general, 
improves the manufacturability of the printed circuit board, and can make it easier to mate the 
printed circuit board with the housing 22. (This feature can also be incorporated into the 
PCBs 50). 

[0108] The forward-most, i.e., freestanding, portions of the PCBs 20 can be 
mechanically coupled (see Figures 22A and 22B). More particularly, upper and lower plates 
21 can be secured to the respective upper and lower edges 20b, 20c of the PCBs 20, proximate 
the forward edges 20d. The upper and lower plates 21 can be secured to the PCBs 20 using a 
suitable means such as adhesive. The upper and lower plates 21 can constrain the forward- 
most portions of the PCBs 20 in relation to each other, while permitting the forward-most 
portions of the PCBs 20 to flex in relation to the housing 22. The extra rigidity and support 
provided by the upper and lower plates 21 is believed to increase the overall durability and 
strength of the forward-most portions of the PCBs 20. Moreover, the upper and lower plates 
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21 can be used to guide the PCBs 20 into contact with the receptacle 14, and can thus reduce 
the tolerance build-up between the PCBs 20 and the receptacle 14, 

[0109] Figures 26 A and 26B depict an alternative embodiment of the PCBs 20 in the 
form of a PCB 216. The PCB 216 has projections 218 and receptacles 220 formed thereon. 
The projections 218 and receptacles 220 can mate with respective receptacles 220 and 
projections 218 of adjacent ones of the PCBs 216 to restrain the forward-most portions of the 
PCBs 216 in relation to each other. 

[01 10] The forward edge 20d of each PCB 20 can be stepped, as depicted in Figure 
16. More particularly, the portion of the forward edge 20d located above, i.e., at a higher 
elevation than, the daughter card 16 can be extended forward (in the "+x" direction). This 
feature facilitates sequencing, or additional levels of sequencing, of the contact fingers 32 as 
the plug 12 and the receptacle 14 are mated. The depth of the slots 76 on the front housing 54 
that correspond to the longer (extended) portion of each PCB 20 must be increased to 
accommodate the increased length of the PCBs 20. 

[0111] The maximum skew of the signal traces 28 can be reduced by routing the 
signal traces 28 on both of the first and second side surfaces 20e, 20f of the PCBs 20. This 
feature can facilitate the use of crossovers that permit the signal traces 28 coupled to the rear- 
most contacts 46, i.e., the contacts 46 located distant the forward edge 20d, to be routed to the 
lower-most contact fingers 32, i.e., the contact fingers 32 located proximate the lower edge 
20c. Cross-talk between the signal traces 28 at the crossover point can be minimized by 
routing the signal traces 28 perpendicularly at the crossover point (see Figure 23, which 
depicts a PCB 202 with signal traces 28 arranged in this manner). This feature can also be 
applied to the signal traces 58 of the receptacle 14. 

[0112] Figures 24A and 24B depict another alternative embodiment of the PCBs 20 
in the form of a PCB 206 having projections 208 that project from a lower edge thereof. The 
projections can be press fit into holes formed in a corresponding alternative embodiment of 
the first daughter card 16. (The PCB 206 is otherwise substantially identical to the PCB 20). 
The projections can help to secure the PCB 206 to the alterative embodiments of the first or 
second daughter cards. (Alternative embodiments of the PCBs 50 can be equipped with 
similar features.) 

[0113] Figures 25 A and 25B depict another alternative embodiment of the PCBs 20 
in the form of a PCB 210 having projections 212 and complementary receptacles 214 formed 
thereon. The projections 212 and receptacles 214 can permit the PCB 210 to be stacked with 
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and keyed to other ones of the PCBs 210. (Alternative embodiments of the PCBs 50 can be 
equipped with similar features.) 

[01 14] Other alternative embodiments of the PCBs 20 and PCBs 50 can include 
surface mount pads (not shown) plated directly to the edges lower edges 20c, 50c of the 
respective PCBs 20 and PCBs 50. 

[0115] An alternative electrical connector 100 is depicted in Figures 17-21. The 
electrical connector 100 comprises the plug 12 as described above with respect to the 
electrical connector 10, and a receptacle 104. The plug 12 and the receptacle 104 can be 
mounted on the respective first and second daughter cards 16, 18 described above with respect 
to the electrical connector 10. The plug 12 and the receptacle 104 are can mate when the first 
and second daughter cards 16, 18 are positioned orthogonally, i.e., when the respective major 
planes of the first and second daughter cards 16, 18 are substantially perpendicular, as 
depicted in Figure 17. 

[0116] A detailed description of the receptacle 104 follows. Components of the 
receptacle 104 that are substantially identical to those of the receptacle 14 are denoted by 
identical reference numerals. 

[0117] The receptacle 104 comprises the rear housing 52 and a plurality of the PCBs 
50 mounted in the rear housing 52, as described above with respect to the receptacle 14. The 
receptacle 104 also comprises a front housing 102, details of which are presented below. 

[0118] The receptacle comprises a plurality of the contacts 80. The contacts 80 
electrically and mechanically couple the PCBs 50 to the daughter card 18, in a manner 
substantially identical to that described above in connection with the receptacle 14. 

[0119] A plurality of signal contacts 106 are mounted on each PCB 50, proximate 
the forward edge 50d (see Figures 19-21). Each signal contact 106 has an end portion 106a 
comprising a first arm 106b, and a second arm 106c spaced apart from the first arm 106b. 

[0120] Each signal contact 106 also comprises an elongated beam portion 106d and 
a substantially rounded contact portion 106e. The beam portion 106d and the contact portion 
106e are substantially identical to the beam portions 66d and the contact portions 66e of the 
signal contacts 66. 

[0121] The beam portion 106d is unitarily formed with and extends from the first 
and second arms 106b, 106c. The contact portion 106e is unitarily formed with the beam 
portion 106d, and is positioned at an end of the beam portion 106d opposite the first and 
second arms 106b, 106c. The contact portion 106e is has a width (z-axis dimension) that is 
substantially greater than a width (z-axis dimension) of the beam portion 106c. 
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[0122] The first and second arms 106b, 106c of each signal contact 106 engage a 
corresponding PCB 50 proximate the forward edge 50d thereof. More particularly, the first 
and second arms 106b, 106c of each signal contact 106 are spaced apart so that insertion of 
the forward edge 50d between the first and second arms 106b, 106c causes the first and 
second arms 106b, 106c to resiliently flex away from each other. Continued insertion of the 
forward edge 50d into the space between the first and second arms 106b, 106c, in combination 
with the resilience of the first and second arms 106b, 106c, causes the first and second arms 
106b, 106c to securely engage the respective sides 50e, 50f of the PCB 50. In other words, 
the end portion 106a of each signal contact 106 acts substantially as a tuning-fork-type 
contact. 

[0123] The first arms 106b of each signal contact 66 contact a respective one of the 
second signal pads 63 on the surface 50e, thereby establishing electrical contact between the 
signal contact 106 and the corresponding signal trace 58. 

[0124] The receptacle 104 further comprises a plurality of ground combs 108 (see 
Figures 19-21). Each ground comb 108 comprises a mounting portion 110 and a plurality of 
ground contacts 112 unitarily formed with the mounting portion 110. Each ground contact 
112 comprises a beam portion 1 12a that adjoins and extends from the mounting portion 110. 
Each ground contact 112 further comprises a contact portion 1 12b unitarily formed with the 
beam portion 1 12a, and positioned at an end of the beam portion 1 12a opposite the mounting 
portion 110. The beam portion 1 12a and the contact portion 1 12b are substantially identical 
to the respective beam portions 72a and the contact portion 72b of the ground contacts 72. 

[0125] The ground comb 108 is mounted in a substantially parallel orientation with 
respect to the PCBs 50. The ground comb 108 comprises a plurality of mounting tabs 113 
each having a slot 114 formed therein. The mounting portion 110 securely engages the PCBs 
50 by way of the slots 114. More particularly, each slot 114 has a width (z-axis dimension) 
approximately equal to or slightly smaller than a width of the PCB 50. The slots 114 each 
receive the forward edge 50d of each PCB 50. Continued insertion of the forward edge 50d 
into the slot 1 14, in conjunction with the resulting interference between the PCB 50 and the 
edges of the slot 114, cause the PCB 50 to securely engage the corresponding mounting tab 
113. 

[0126] The mounting tabs 113 each contact a corresponding pair of the second 
ground pads 65 on the PCBs 50, thereby establishing electrical contact between the 
corresponding ground plane 60 and the mounting portion 1 10 (as well as the ground contacts 
112). The respective locations of the second ground pads 65 and the second signal pads 63 on 
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each PCB 50 are staggered so that the mounting portion 1 10 contacts only the second ground 
pads 65, and the signal contacts 106 contact only the second signal pads 63. 

[0127] The ground combs 108 and the signal contacts 106 are positioned so that each 
signal contact 106 is positioned proximate a corresponding one of the ground contacts 1 12, as 
depicted in Figure 20. More particularly, each signal contact 106 is faces a corresponding one 
of the ground contacts 112, and the contact portion 106e of the signal contact 106 is spaced 
apart from the corresponding contact portion 1 12b of the ground contact with respect to the 
"y" direction depicted in the figures. 

[0128] Figure 19 depicts the receptacle 104 without the front and rear housings 102, 
52 installed, and thus shows the full array of signal contacts 106 and ground contacts 112 
mated with the PCBs 50. 

[0129] The front housing 102 substantially covers the signal contacts 106 and the 
ground contacts 72. The front housing 102 has a plurality of slots 106 formed therein (see 
Figure 18). The slots 106 extend in a direction substantially parallel to the major plane of the 
daughter card 18, i.e., the slots 106 extend in a direction substantially perpendicular to the 
PCBs 50. The slots 106 facilitate access to the signal contacts 106 and the ground contacts 
112. 

[0130] The front housing 102 has a first and a second key 108 formed respectively 
on a first and second side surface thereof, as depicted in Figure 18. The first and second keys 
108 engage the housing 22 of the plug 12 by way of the slots 23 when the plug 12 and the 
receptacle 104 are mated. The front housing 102 is secured to the rear housing 52 by an 
interference fit between the front housing 102, the rear housing 52, and the signal and ground 
contacts 106, 112. 

[0131] The plug 12 and the receptacle 104 can mate when the first and second 
daughter cards 16, 18 are positioned orthogonally, as noted above. The signal contacts 106 
contact the contact fingers 32 of the PCBs 20 when the plug 12 and the receptacle 14 are 
mated, in a manner substantially identical manner to that described above with respect to the 
plug 12 and the receptacle 14. The ground contacts 112 likewise contact the contact regions 
44 of the PCBs 20 when the plug 12 and the receptacle 14 are mated, in a manner 
substantially identical manner to that described above with respect to the plug 12 and the 
receptacle 14. 

[0132] Moreover, the above-noted features that facilitate relative movement between 
the plug 12 and the receptacle 14 are incorporated into the receptacle 104, and likewise 
facilitate relative movement between the plug 12 and the receptacle 104. For example, a 
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clearance of approximately 0.5 mm exists between the upper lip 22b and the adjacent surface 
of the front housing 54, and between the lower lip 22c and the adjacent surface of the front 
housing 54 when the plug 12 and the receptacle 14 are mated and in substantial alignment. 
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